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An integrated surveillance network for antimicrobial resistance, India
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Objective To assess the preparedness of veterinary laboratories in India to participate in an integrated antimicrobial resistance surveillance
network and to address gaps in provision identified.

Methods The Indian Council of Medical Research and the Indian Council of Agricultural Research collaborated: (i) to select eight nationally
representative veterinary microbiology laboratories whose capacity for participating in an integrated antimicrobial resistance surveillance
network would be assessed using a standardized tool; (ii) to identify gaps in provision from the assessment findings; and (jii) to develop a
plan, and take the necessary steps to address these gaps in consultation with participating organizations.

Findings The main gaps in provision identified were: (i) a lack of dedicated funding for antimicrobial resistance surveillance; (ii) the absence
of standard guidelines for antimicrobial susceptibility testing; (iii) a shortage of reference strains for testing and quality assurance; and (iv) the
absence of mechanisms for sharing data. We addressed these gaps by creating a veterinary standard operating procedure for antimicrobial
susceptibility testing, by carrying out a validation exercise to identify problems with implementing the procedure and by conducting
capacity-building workshops for veterinary laboratories.

Conclusion Antimicrobial resistance surveillance networks depend on the availability of accurate, quality-controlled testing. The challenges
identified in creating an integrated surveillance network for India can be overcome by developing a comprehensive plan for improving
laboratory capacity in human, veterinary and environmental sectors that is supported by the necessary funds. The study’s findings may
provide guidance for other low- and middle-income countries planning to develop a similar network.

Abstracts in G H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

The misuse and overuse of antimicrobials in both humans
and animals are major drivers of antimicrobial resistance.'”
Several clinically important antibiotics are used extensively
in food-producing animals, either for metaphylaxis, prophy-
laxis or promoting growth,** and these animals and their
food products are recognized as prominent routes of human
exposure to foodborne pathogens. Moreover, there is a risk
that resistant microbial strains or genes will be transmitted
to humans and enter the environment.>® Given the lack of
antimicrobial resistance surveillance systems in the veterinary
sector in low- and middle-income countries, it is difficult to
quantify the contribution antimicrobial use in animals makes
to the emergence of drug-resistant pathogens. The establish-
ment of surveillance systems, as part of a holistic One Health
approach to public health, is therefore key to understanding
the transmission of drug resistance between different health
sectors and for designing interventions. Antimicrobial resis-
tance surveillance in animals is generally inadequate both
regionally and globally.”® Apart from agencies like the World
Health Organization and public health bodies in Canada, the
European Union, Norway and the United States of America,
few organizations or countries have successfully created inte-
grated antimicrobial resistance surveillance systems that sup-
port comprehensive antimicrobial stewardship programmes in
both animals and humans and that help control antimicrobial
usage and its impact on human health.>'°

In India, the 2017 National Action Plan stated that
strengthening knowledge and evidence of antimicrobial resis-
tance through surveillance was a strategic priority." Currently,
however, surveillance in the country is limited to human health
and there has been little progress towards expansion into ani-
mal or environmental health.'” In India, there are 17 research
institutes and 19 universities operating under the animal sci-
ences division of the Indian Council of Agricultural Research
but only a handful are engaged in research into antimicrobial
resistance. In 2016, the Indian Council of Medical Research
entered into an agreement with the Indian Council of Agri-
cultural Research to support collaborative research on areas
of mutual interest, including antimicrobial resistance.”* Both
organizations recognized the importance of strengthening
research in, and the surveillance of, antimicrobial resistance in
humans and animals and took the first steps towards develop-
ing a plan for integrated surveillance.

The aim of our study was, for the first time, to assess the
preparedness of veterinary laboratories in India to participate
in an integrated antimicrobial resistance surveillance network.
We carried out a systematic assessment of laboratories and un-
dertook capacity-building to address gaps in provision (Fig. 1).

Methods

We conducted a cross-sectional survey of antimicrobial sus-
ceptibility testing at eight veterinary institutes and universi-
ties in India. Participating laboratories, which represented
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different geographical regions (Fig. 2),  criteria for laboratories covered: (i) their =~ antimicrobial susceptibility testing;
were identified through purposive  experience of working on antimicro-  (iii) their expertise in handling specific
sampling by the Indian Council of  bial resistance; (ii) the type and nature  food products; and (iv) their geographi-
Agricultural Research. The inclusion  of animal samples they received for  cal location. We selected six veterinary

Fig. 1. Flowchart for assessing veterinary laboratories’ preparedness for participation in a national antimicrobial resistance surveillance
network and subsequent capacity-building, India, 2018
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FAO: Food and Agriculture Organization (of the United Nations).

Note: Laboratories’ preparedness for participation in a national antimicrobial resistance surveillance network was evaluated using the United Nations Food
and Agriculture Organization’s (FAO) laboratory mapping tool for antimicrobial resistance, which is part of the FAO Assessment Tool for Laboratories and AMR
Surveillance Systems (FAO-ATLASS)."

Fig. 2. Study sites, assessment of veterinary laboratories’ preparedness for participation in a national antimicrobial resistance
surveillance network, India, 2018
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Notes: Study laboratories were located in the following geographical zones: (i) the north-east zone included laboratory A in Umiam, Meghalaya, and laboratory B
in Aizawl, Mizoram; (i) the west zone included laboratory C in Dantiwada, Gujarat; (iii) the south zone included laboratory D in Bengaluru, Karnataka, laboratory E
in Hyderabad, Telangana, and laboratory F in Puducherry; (iv) the north zone included laboratory G in Ludhiana, Punjab; and (v) the east zone included laboratory
H in Kolkata, West Bengal.
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laboratories in government institutes
and two veterinary microbiology labo-
ratories in academic institutions that
consented to participate. Between April
and July 2018, all eight laboratories were
evaluated on site by a team comprising
a senior microbiologist and a veterinary
scientist with expertise in antimicrobial
susceptibility testing and antimicrobial
resistance surveillance.

Preparedness

To assess laboratories’ preparedness to
participate in a national antimicrobial
resistance surveillance network, we
used the United Nations Food and
Agriculture Organization’s (FAO)
laboratory mapping tool for antimi-
crobial resistance, which is part of the
FAO Assessment Tool for Laboratories
and AMR Surveillance Systems (FAO-
ATLASS)." This tool is designed to as-
sess individual laboratories in the food
and agriculture sectors in: (i) funding
availability; (ii) workflow manage-
ment; (iii) the availability of appropri-
ate standard operating procedures;
(iv) collaboration and partnerships
with other national and international
laboratories; (v) relevant publications;
(vi) opportunities for staff training on
antimicrobial susceptibility testing;
(vii) the management of biological ma-
terials, including the mode of sample
identification and tracking; (viii) the
archiving of bacterial isolates and the
type of inventory; and (ix) preserva-
tion methods. A score for laboratory
capacity (from 0 to 100%) was derived
automatically for each veterinary labo-
ratory from the completed assessment
form, with a score above 70% indicating
that laboratory capacity was sufficient
for participation in antimicrobial resis-
tance surveillance.

Standard operating procedure

Standardized laboratory practices are
essential for accurately interpreting
antimicrobial resistance data. In co-
operation with the Indian Council of
Agricultural Research and participating
institutions, therefore, we developed an
action plan and strategic framework for
improving the capacity of veterinary
laboratories to be implemented between
August 2018 and September 2019. There
were three steps: (i) preparation of a
veterinary standard operating proce-
dure; (ii) validation of the procedure
by monitoring its implementation; and
(iii) training laboratory personnel.

564

The veterinary standard operating
procedure was devised through consul-
tations with veterinary clinicians and
microbiologists with the goal of enabling
antimicrobial resistance patterns in
animals and humans to be compared.
The overarching aims were: (i) to stan-
dardize, and ensure the accuracy of,
antimicrobial resistance data; and (ii) to
ensure that veterinary isolates are ap-
propriately tested for drugs commonly
used in veterinary practice and that
comparisons can be made directly with
drug susceptibility breakpoints (which
indicate whether or not a bacterial spe-
cies is susceptible to antibacterials) in
humans for the purpose of integrated
surveillance.

The resulting veterinary standard
operating procedure itemizes methods
for bacterial isolation, for identifying
species using biochemical tests and for
the molecular characterization of five
pathogens of public health importance.
It also specifies antimicrobial suscepti-
bility testing method and gives updated
data on breakpoints for different antibi-
otics important for animal and human
health.”>'¢ To facilitate data collection
for the purpose of integrated surveil-
lance, we harmonized breakpoints
with standard operating procedures for
bacteriological assessment of human
clinical samples. The incorporation of
breakpoints from the Clinical and Labo-
ratory Standards Institute’s veterinary
guidelines ensured that veterinary speci-
men isolates were interpreted correctly
and were, therefore, useful for veterinary
clinical practice.'” This standard operat-
ing procedure has been accepted by the
Indian Council of Agricultural Research
and the use of such standard operating
procedures is now obligatory for institu-
tions belonging to the Indian Network
for Fishery and Animals Antimicrobial
Resistance,'® which was established by
the Indian Council of Agricultural
Research.

Validation

We performed a validation exercise
for the veterinary standard operating
procedure to identify challenges faced
by laboratories in implementing it and
to address these challenges before the
procedure document was finalized. Four
laboratories with high scores on the
preparedness assessment volunteered
to participate in two rounds of valida-
tion. Laboratories were instructed to
perform antimicrobial susceptibility
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testing and interpretation according to
the procedure. In the first round, five
isolates each of five pathogens were
provided in 25 silica gel pouches in a
blinded manner. The five pathogens,
which were selected by the Indian
Council of Medical Research and the
Indian Council of Agricultural Research
because of their importance for public
health and evidence of potential trans-
mission, were: Escherichia coli, Klebsiella
spp., non-typhoidal Salmonella, staphy-
lococci (four Staphylococcus aureus and
one coagulase-negative staphylococcus)
and enterococci. Four reference strains
were also provided: E. coli ATCC 35218,
Klebsiella pneumoniae ATCC 700603,
S. aureus ATCC 25923 and Enterococ-
cus faecalis ATCC 51299. For all five
pathogens, laboratories received a list
of six antibiotics for antimicrobial sus-
ceptibility testing. In the second round,
the same five pathogens were provided
in 13 isolates: two isolates each of E.coli,
Klebsiella, non-typhoidal Salmonella
and enterococci and five staphylococci
isolates (three S. aureus and two coagu-
lase-negative staphylococci).

Laboratories were scored on:
(i) antimicrobial susceptibility testing;
(ii) minimum inhibitory concentra-
tion findings; and (iii) susceptibility
interpretation errors. Two points were
awarded for correct organism identifica-
tion: 1 point each for genus and species
identification. For susceptibility testing,
a maximum of 2 points were awarded
per drug for the six antibiotics provided
(maximum: 12 points). In the evaluation
of antimicrobial susceptibility testing,
the number of drugs a laboratory used
to test each isolate was also considered
(e.g. if a laboratory tested only four
drugs, the accuracy of interpretation of
susceptibility testing for a single isolate
was calculated from a maximum of
8 points; four drugs by 2 points each).
Susceptibility interpretation errors were
recorded as no error (score: 2) or a mi-
nor (score: 1), major (score: 0) or very
major (score: —1) error. A minor error
occurred when a susceptible or resistant
isolate was reported as intermediate or
an intermediate isolate was reported as
susceptible or resistant. A major error
occurred when a susceptible isolate was
reported as resistant and a very major er-
ror, when a resistant isolate was reported
as susceptible. Following the validation
exercise, we organized workshops for the
veterinary institutes and universities to
improve performance.
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Table 1. Assessment of veterinary laboratories’ preparedness for participation in a national antimicrobial resistance surveillance

network, India, 2018
Assessment area Assessment score (%)
and category Geographical zone of India® Mean (95% CI)
North-east West South North East
Labora-  Labora- Labora- Labora- Labora- Labora- Labora- Labora-
toryA tory B tory C toryD tory E tory F tory G toryH
Laboratory activities
Sustainability of 16.7 100.0 100.0 16.7 333 333 100.0 00 500 (20.4-79.6)
activities
Workflow 100.0 66.7 77.8 88.9 66.7 100.0 100.0 100.0  87.5(77.0-97.9)
organization
Collaboration 750 91.7 50.0 66.7 833 66.7 833 833  75.0(65.7-84.2)
with other
laboratories
Technical factors
Bacteriology 94.4 83.3 83.3 72.2 722 444 94.4 556  749(62.6-87.3)
resources
Antimicrobial 96.3 77.8 63.0 92.6 77.8 714 77.8 852 80.2(72.7-87.7)
susceptibility
testing
methodology
Molecular 83.3 50.0 66.7 100.0 833 50.0 833 100.0  77.0(63.3-90.7)
characterization
of pathogens
Management of data and biological materials
Management 80.0 66.7 733 86.7 66.7 66.7 733 733 733(684-782)
of biological
materials
Data 77.8 55.6 88.9 77.8 100.0 55.6 66.7 100.0  77.8(654-78.2)
management
Documentation 66.7 50.0 333 66.7 50.0 333 50.0 50.0  50.0(41.2-58.7)
Quality assurance
Methods 100.0 100.0 0.0 100.0 833 333 100.0 1000  77.0(50.2-103)
Staff 83.3 16.7 50.0 83.3 66.7 50.0 66.7 NA 59.5(42.2-76.7)
Total® 84.2 71.8 67.5 79.5 73.0 59.5 81.2 743 60.4(47.6-73.1)

Cl: confidence interval; NA: not available.

¢ Preparedness was assessed using the United Nations Food and Agriculture Organization’s (FAQ) laboratory mapping tool for antimicrobial resistance, which is part of
the FAO's Assessment Tool for Laboratories and AMR Surveillance Systems; it comprises four areas with 11 categories and 40 subcategories.

® The locations of the laboratories are shown in Fig. 2.

¢ We calculated total value using the FAO's Assessment Tool.

Results
Preparedness

The strengths and weaknesses of the
eight veterinary laboratories, as evalu-
ated using the laboratory assessment
tool for antimicrobial resistance, are
reported in Table 1. Scores were awarded
for four areas: (i) laboratory activities;
(ii) technical factors; (iii) management
of data and biological materials; and
(iv) quality assurance. The mean score
of the laboratories across 11 categories
in the four areas was 60.4% (range: 59.5-
84.2). Most laboratories were strong in
workflow organization (mean score:
87.5%; 95% confidence interval, CI:

77.0-97.9), antimicrobial susceptibility
testing method (mean score: 80.2%; 95%
CI: 72.7-87.7) and the management of
biological materials (mean score: 73.3%;
95% CI: 68.4-78.2). Six of the eight labo-
ratories reported ample availability of re-
sources (e.g. media, reagents, equipment
and facilities) for the identification and
susceptibility testing of a broad range
of bacterial species: they scored over
70.0%. In addition, these six laboratories
routinely performed molecular char-
acterization for over 30.0% of resistant
isolates. Two laboratories (laboratories
D and H) sequenced resistance genes
from more than 100 isolates annually.
Overall, the mean score for molecular

Bull World Health Organ 2021;99:562-571 I doi: http://dx.doi.org/10.2471/BLT.20.284406

characterization was 77.0% (95% CI:
63.3-90.7). The laboratories’ scores for
data management varied widely from
55.6% to 100.0% (mean: 77.8%; 95% CI:
65.4-78.2). The assessment also found
there was no mechanism for data shar-
ing with a data collection unit: only four
of the eight laboratories shared data and
this sharing was irregular and partial.
Five laboratories scored under 34%
for the sustainability of their antimi-
crobial resistance assessment activities
(mean: 50.0%; 95% CI: 20.4-79.6).
Six of the eight scored 50% or less for
documentation in the quality assurance
area due to the absence of standard
operating procedures (mean: 50%; 95%
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¢ The locations of the laboratories are shown in Fig. 2.

® For each culture, genus identification and species identification accuracy were combined.

¢ The accuracy of each laboratory’s interpretation of susceptibility testing was calculated as follows: (i) a maximum of 2 points was awarded for each drug tested against each bacterial isolate, where interpretation errors were categorized as no error

(2 points) or a minor (1 point), major (0 points) or very major (=1 point) error; and (ii) the total number of points awarded was expressed as a percentage of the maximum possible score if all drugs tested against all isolates by that laboratory were

interpreted correctly. For example, if a laboratory tested six drugs against 25 cultures, the maximum possible score would be 6x25x2

Note: We evaluated the four laboratories'ability to implement the veterinary standard operating procedure in two validation rounds.

300 points.

Sonam Vijay et al.

CI: 41.2-58.7). Only six laboratories
regularly used and tested reference
strains for antimicrobial susceptibility
as part of quality assurance; the other
two laboratories had no reference strains
available. No laboratory did proficiency
testing for the quality assurance of
antimicrobial susceptibility testing.
Two laboratories (laboratories B and
H; Table 1) performed poorly on staff
training (i.e. scored less than 50%) as
laboratory personnel had not received
any recent training on antimicrobial
susceptibility testing.

Standard operating procedure

In the first validation round for the vet-
erinary standard operating procedure,
two of the four laboratories examined
(laboratories A and D; Table 2) evalu-
ated all 25 cultures provided, whereas
the other two (laboratories G and H)
were able to evaluate only 22 of the 25
because of the non-revival or contami-
nation of cultures. Laboratory D identi-
fied the highest number correctly (i.e.
90.0%; 45/50), including the genus of
100.0% (25/25) and the species of 80.0%
(20/25). Laboratories A, G and H accu-
rately identified 48.0% (24/50), 50.0%
(22/44) and 75.0% (33/44) of cultures,
respectively (Table 2). Most laboratories
scored low on antimicrobial suscep-
tibility testing (i.e. below 90%) due to
major and minor errors. For example:
(i) gentamicin-resistant Enterococcus
spp. were reported as susceptible by one
laboratory; (ii) S. aureus was reported
as intermediate instead of susceptible
by one laboratory; and (iii) colistin
testing was not performed as required
in the standard operating procedure by
two laboratories - these two used the
disk diffusion method instead of broth
microdilution for colistin and vancomy-
cin susceptibility testing, hence scored
0 points. All laboratories experienced
difficulty in differentiating: (i) S. aureus
from coagulase-negative staphylococci;
(ii) typhoidal from non-typhoidal Sal-
monella; and (iii) E. faecium from E.
faecalis. They all relied on molecular
testing for the isolation and identifica-
tion of Salmonella spp. because reagents
for serotyping were not available.

After the first validation round, a
consultative meeting was held between
experts in antimicrobial susceptibility
testing and veterinary microbiologists
from participating laboratories and the
results of the validation exercise were
shared. Weaknesses identified were dis-

Bull World Health Organ 2021;99:562-571 I doi: http://dx.doi.org/10.2471/BLT.20.284406
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cussed and solutions were suggested by
the experts. A second validation round
was recommended. All four laborato-
ries showed substantial improvements
across all parameters in the second
round (Table 2). The laboratories cor-
rectly identified Salmonella spp. and
coagulase-negative staphylococci us-
ing the veterinary standard operating
procedure. In addition, three of the
four laboratories scored 90% or higher
for the interpretation of antimicrobial
susceptibility testing findings, compared
with 71.2-88.3% in first round (Table 2).

Training workshops

Having identified the challenges faced
by veterinary microbiologists during the
validation exercise, training workshops
were organized to improve antimicro-
bial susceptibility testing by ensuring it
conformed with the veterinary standard
operating procedure. The workshops
were attended by two veterinary micro-
biologists and two laboratory staff from
each of the eight participating institutes.
Workshops took place at two sites to
avoid overcrowding: the microbiology
departments of the Christian Medical
College, Vellore, and the Postgraduate
Institute of Medical Education and Re-
search, Chandigarh, respectively.

The 3-day workshops were held in
September 2019, covered both theoreti-
cal and practical aspects of antimicrobial
susceptibility testing and included a
2-day, hands-on workshop on bacte-
rial identification and antimicrobial
susceptibility testing as stipulated by
the operating procedure. The work-
shop curriculum covered: (i) choosing
the correct combination of drug and
microbe; (ii) selecting the appropriate
testing method; and (iii) guidance on
the accurate reading and interpretation
of susceptibility testing data. Partici-
pants were evaluated by questionnaire
before and after training. Questionnaire
findings showed that the proportion of
participants who understood pathogen
and species identification on antimi-
crobial susceptibility testing improved
from 25% (55/220) before training to
60% (132/220) after.

Discussion

Surveillance of antimicrobial resistance
in line with the One Health concept
requires the creation of integrated na-
tional networks. Most countries have
pledged to set up these networks but

Research
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Box 1.Main study findings

- A One Health approach to antimicrobial resistance surveillance necessitates the creation

of an integrated network.

- Most data on antimicrobial resistance come from human sources as veterinary and
environmental sectors have limited capacity for antimicrobial susceptibility testing.

- Political commitment and leadership and multisectoral collaboration are critical for building

an integrated surveillance network.

- Atop-down approach may not resultin multisectoral collaboration or ensure the availability

of resources for an integrated network.

- The way forward is to identify and address challenges in implementation.
- Countries planning to create an integrated network can learn from others'experience.

are facing their own individual chal-
lenges."” Researchers have suggested
that the most common challenges are:
(i) inadequate funding; (ii) poor com-
munication between agencies; and
(iii) limited participation of human
and animal experts, including those in
environmental health.” Our collabora-
tive study identified several factors that
may hamper the creation of integrated
surveillance networks in India and other
low- and middle-income countries:
(i) a lack of dedicated funding for an-
timicrobial susceptibility testing; (ii) a
lack of trained staff; (iii) the absence of
essential quality control measures; and
(iv) a failure to take into account up-
dated guidelines and drug susceptibility
breakpoints. These factors, which have
been highlighted by other research-
ers,”! affect the quality and accuracy of
antimicrobial resistance data and the
sustainability of surveillance. Most work
on antimicrobial resistance at laborato-
ries in our study was heavily dependent
on short-term or project funding from
national and international agencies. No
funding for antimicrobial resistance
surveillance had been received from the
Indian Council of Agricultural Research
or the government. These financial con-
straints can limit laboratory capacity,
thereby compromising data quality. In
addition, the constrained availability
of resources was also reflected in a lack
of essential reagents and a shortage of
the reference strains needed for quality
assurance.

As we recognized that the lack of a
veterinary standard operating procedure
for antimicrobial susceptibility testing
was a major deficiency in India, we
developed an operating procedure for
priority pathogens that incorporated
national susceptibility breakpoints."”
In our validation exercise to determine
how easily laboratories could adopt
the procedure and how accurately they

Bull World Health Organ 2021;99:562-571 I doi: http://dx.doi.org/10.2471/BLT.20.284406

could apply it, all four laboratories
admitted they did not follow it when
identifying pathogens or interpreting
the results of antimicrobial susceptibil-
ity testing. Instead, laboratories chose
to follow previous procedures (e.g. by
using the disk diffusion test for colistin
instead of the recommended broth mi-
crodilution method), which indicated
behavioural nonconformance. During
the first validation round, we observed
areluctance to adopt the new procedure,
which could obstruct its implementation
across the country. Laboratories may,
therefore, need to be convinced of its
advantages. We regarded the limitations
we identified through this assessment as
an opportunity for improvement rather
than as a setback. After laboratory staff
met experts, who explained the impor-
tance of following standard operating
procedures, all laboratories performed
as well or better on all measures in the
second validation round, which illus-
trates the importance of understand-
ing laboratory staff’s concerns and
explaining the usefulness of following
new procedures. The failure to correctly
identify susceptible or resistant isolates
in the second round or to mistakenly
interpret breakpoints, thereby leading
to erroneous antimicrobial susceptibility
testing results, indicated that laboratory
staff had received inadequate training.
Our findings suggest that a national
plan to build laboratory capacity is
needed to ensure that the data collected
by an integrated antimicrobial resistance
surveillance network are of high quality
(Box 1). All stakeholders should par-
ticipate in the development of the plan,
which should involve periodic training,
quality improvement initiatives and
rigorous follow-up protocols. Clearly,
political commitment and sustained
funding will be crucial for achieving the
desired outcomes. Moreover, implemen-
tation of the plan would benefit from the
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Fig. 3. Proposed antimicrobial resistance surveillance network for India
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Notes: The coordinating centre would be responsible for: (i) guideline development; (ii) development

of standard operating procedures; (iii) development of training programmes; (iv) quality assurance;

and (v) data analysis. Reference centres would be responsible for: (i) antimicrobial susceptibility testing;
(if) studying resistance mechanisms; (iii) conducting molecular and transmission dynamics studies;

(iv) organizing training hubs; (v) data validation; and (vi) providing data to the coordinating centre and
to participating centres. Participating centres would be responsible for: (i) isolating and identifying
pathogens and antimicrobial susceptibility testing; (ii) storing microbes; (i) sending isolates to reference
centres; (iv) acting as training hubs; (v) undergoing training from reference centres; and (vi) providing

data to reference centres.

support of trusted champions who can
provide guidance and support across
all sectors.

In 2013, the Indian Council of
Medical Research established a national
antimicrobial resistance surveillance
network for human health, which today
provides 15000 United States dollars
(US$) annually to participating hospitals
and has invested in capacity-building
and quality assurance initiatives.'> We
drafted a similar plan for an integrated
surveillance programme that will collect
comparable data from both veterinary
and human sectors on five pathogens
of public health importance (i.e. E. coli,
Klebsiella, non-typhoid Salmonella,
staphylococci and enterococci). We
identified eight reference centres in
India: four human centres for healthy
and diseased human samples and four
veterinary centres for healthy and dis-
eased animal and food product samples.
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Three of the five pathogens will each be
assessed by one human and one veteri-
nary laboratory, whereas staphylococci
and enterococci will be assessed together
by the fourth human and the fourth
veterinary laboratory. These reference
centres will: (i) carry out antimicro-
bial susceptibility testing; (ii) study
resistance mechanisms; (iii) conduct
in-depth molecular and transmission
dynamics studies; and (iv) provide
training for other laboratories. In ad-
dition, between eight and 10 potential
participating centres have been identi-
fied: these centres will help in sample
collection and provide isolates of the five
key pathogens to the relevant reference
laboratories (Fig. 3). Our experience
with funding of the Indian Council of
Medical Research’s human antimicro-
bial resistance network indicates that
the estimated annual cost would be
US$ 55000 for each reference centre

Sonam Vijay et al.

and US$ 20000 for each participating
centre, which would cover human re-
sources, non-recurring expenditure (e.g.
for equipment), consumables, training,
communication, travel, transport and
other costs.

Having established a functional
antimicrobial resistance surveillance
system for human health, India has an
opportunity to build on past experi-
ence and design an efficient integrated
system that generates high-quality data
on pathogens of concern for public
health. In its 2017 National Action
Plan," the Indian government made a
commitment to support antimicrobial
resistance surveillance and to strengthen
laboratories in human, animal and
environmental health. However, this
commitment has not been translated
into an implementable plan with the
requisite financial resources. We hope
the findings of our systematic assess-
ment and capacity-building exercise will
contribute to the development of an in-
tegrated laboratory network in India. We
believe our study is an important step in
the creation of a long-term, integrated,
antimicrobial resistance surveillance
strategy linking human and veterinary
sectors in the country and hope it will
provide guidance to other countries
planning to develop similar strategies. ll
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Résumé

Un réseau de surveillance intégré pour la résistance aux antimicrobiens en Inde

Objectif Evaluer le degré de préparation des laboratoires vétérinaires
en Inde dans l'optique d'une participation a un réseau de surveillance
intégré pour la résistance aux antimicrobiens, et combler les lacunes
identifiées dans le systeme.

Méthodes Le Conseil indien de la recherche médicale et le Conseil
indien de la recherche agronomique ont travaillé ensemble afin de: (i)
sélectionner huit laboratoires de microbiologie vétérinaire représentatifs
a I'échelle nationale, dont la capacité de participation a un tel réseau
serait évaluée grace a un outil standardisé; (ii) déterminer quelles sont les
faiblesses du systéme a partir des résultats de I'évaluation; et, enfin, i)
développer un plan et prendre les mesures nécessaires pour remédier
a ces faiblesses, en concertation avec les organismes participants.
Résultats Les principales lacunes observées dans le systeme étaient:
(i) I'absence de fonds dédiés a la surveillance de la résistance aux
antimicrobiens; (ii) I'absence de directives types pour le test de sensibilité
aux antimicrobiens; (iii) le manque de souches de référence pour les
tests et 'assurance qualité; et, enfin, (iv) I'absence de mécanismes de
partage de données. Nous avons comblé ces lacunes en créant une

Bull World Health Organ 2021;99:562-571

procédure opérationnelle standardisée a usage vétérinaire pour le test
de sensibilité aux antimicrobiens, en menant un exercice de validation
afind'identifier les problémes rencontrés lors de la mise en ceuvre de la
procédure, et en organisant des ateliers de renforcement des capacités
pour les laboratoires vétérinaires.

Conclusion Les réseaux de surveillance pour la résistance aux
antimicrobiens dépendent de I'existence ou non de tests précis faisant
I'objet de controles de qualité. Les défis que pose la création d'un réseau
de surveillance intégré en Inde peuvent étre relevés grace a 'élaboration
d'un plan global d'amélioration des capacités humaines, vétérinaires et
environnementales des laboratoires en y injectant les fonds requis. Les
résultats de cette étude peuvent servir d'orientation pour d'autres pays
afaibles et moyens revenus qui prévoient d'instaurer un réseau similaire.

doi: http://dx.doi.org/10.2471/BLT.20.284406 569
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Pesiome

MHTerprpoBaHHas cucteMa snugHaA30pa 3a yCTONUMBOCTbIO K aHTUMUKPOOHbIM npenapatam, MHaua

Lenb OueHWTb rOTOBHOCTb BETEPUHAPHBIX Nabopatopuin MHanm
NPVHATL yyacTMe B MHTErpuMpoBaHHOM CUCTeMe dMMAHaA30pa
33 YCTOMUMBOCTBIO K aHTUMUKPOOHBIM MpenapaTtam v yCTPaHUTb
BbIABIEHHbBIE MPObesbl B 0becneyeHnm.

MeToapb! IHANNCKMI COBET MO MeAULMHCKMM NUCCNefoBaHnAM 1
VHANNCKMIA COBET MO CeNbCKOXO3ANCTBEHHbBIM MCCNea0oBaHMAM
COTPYAHWYaNuU pna Toro, utobul: (i) BoIOpaTh BOCEMb
penpe3eHTaTUBHbIX Ha HaLWMOHaNbHOM ypoBHe fabopatopuii
BETEPVHAPHOW MUKPOOWONOMN, UbA CMOCOBHOCTb Y4acTBOBATb
B MHTErPUPOBAHHON CCTEME SMWAHAA30Pa 3a YCTOMUMBOCTBIO K
AHTVMUKPOOHBIM NpenapaTam OleHWBanach C UCrob30BaHEM
CTaHOAPTU3MPOBAHHOTO MHCTPYMEHTS; (i) Mo pe3ynbratam OLeHKH
BbISBUTL Npobenbl B obecneyeHuy; (iii) pa3pabotaTb nnaH v
npeanpuHATL HeobxoauMmble Warn Ansa yCTpaHeH s 3Tx npobenos
Ha OCHOBEe KOHCY/bTaLWii C y4acTBYIOLMMI OpraHn3aLyaMi.
Pe3synbrathbl bbinu BbiABNEHLI Crlefyiollie OCHOBHbIe Npobens
B obecneyeHwnu: (i) oTCyTCTBME LieneBoro GrHaHCMPOBaHMA B
pamKax 3MMAHaA30pa 3@ YCTOMUMBOCTBIO K aHTUMUKPOOHbBIM
npenapatam; (i) OTCyTCTBYIE CTaHAAPTHbIX PYKOBOAALMX MPUHLMMOB

AN TeCTUPOBAHMA UYYBCTBUTENBHOCTU K aHTUMMUKPOOHbBIM
npenapatam; (iii) HexBaTka 3TafIoOHHbIX LITAMMOB A8 TECTUPOBAHMA
1 obecrneueHnsa KauecTsa; (iv) OTCYTCTBME MexaHM3MOB OOMeHa
JaHHbIMVL. Mbl yCTpaHWAM 3TV Npobenbl nyTem CO3AaHWA CTaHAAPTHOM
BETEPUHAPHOW ONepaLmMoHHOM Npouefypbl ANA TeCTMPOBaHMA
YYBCTBUTENBHOCTU K aHTUMUKPOOHbBIM NpenapaTtam, nyTem
BbINOSIHEHMA NPOOHOM Banuaaumun Ana BbliABNeHWA npobnem ¢
BHepeHnemM npoLeaypbl U nyTem NpOBeAeHUA CEMUHAPOB MO
CO3/aHVI0 NOTEHLMaNa /1 BETEPUHAPHBIX 1ab0paTopwii.

BbiBog CricTeMbl SMMAHAA300a 3@ YCTONYMBOCTBIO K aHTUMUKPOOHBIM
npenapaTam 3aBUCAT OT HAMUMA TOYHbIX TECTOB, NPOWEeLLNX
KOHTPO/b KauecTsa. [1pobnemsl, BbiABNEHHbIE MPU CO34aHUN
WNHTErPUPOBAHHOM CMCTEMbBl 3NMAHAA30pa B VIHAMW, MOXHO
pa3pelwnTb nyTem pa3paboTki AeTanbHOro MiaHa fo yayyeHuio
nabopatopHOro noTeHumMana B YenoBeyeckoM, BETEPUHAPHOM 1
3KONOMMYECKOM CeKTopax, MOoAAepKMBAEMOro HeobxoanmbIMm
cpefcTeamu. PesynbTaThl MCCNefoBaHNA MOTYT NOCAYXUTb
PYKOBOACTBOM 1A APYIUX CTPAH C HU3KUM U CPEAHNM YPOBHEM
LOXOA0B, MNAHNPYIOLMX CO3LaTb aHANOMNUHYIO CUCTEMY.

Resumen

Una red de vigilancia integrada para la resistencia antimicrobiana resistencia a los antimicrobianos, India

Objetivo Evaluar la preparacion de los laboratorios veterinarios de la
India para participar en una red integrada de vigilancia de Ia resistencia
a los antimicrobianos y subsanar las deficiencias detectadas en la
prestacion.

Métodos El Consejo Indio de Investigacion Médica y el Consejo
Indio de Investigacion Agricola colaboraron: (i) para seleccionar
ocho laboratorios de microbiologfa veterinaria representativos a
nivel nacional cuya capacidad para participar en una red integrada
de vigilancia de la resistencia a los antimicrobianos serfa evaluada
mediante una herramienta estandarizada; (ii) para identificar las lagunas
en la prestacion a partir de los resultados de la evaluacion; y (iii) para
desarrollar un plan, y tomar las medidas necesarias para abordar estas
lagunas en consulta con las organizaciones participantes.
Resultados Las principales lagunas identificadas son las siguientes
(i) la falta de financiacion dedicada a la vigilancia de la resistencia a
los antimicrobianos; (ii) la ausencia de directrices estandar para las

pruebas de susceptibilidad a los antimicrobianos; (iii) la escasez de
cepas de referencia para las pruebas y la garantia de calidad; asf como
(iv) la ausencia de mecanismos para compartir datos. Para subsanar
estas deficiencias, creamos un procedimiento operativo estandar
veterinario para las pruebas de susceptibilidad a los antimicrobianos,
llevamos a cabo un ejercicio de validacién para identificar los problemas
de aplicacion del procedimiento y realizamos talleres de capacitacion
para los laboratorios veterinarios.Conclusién Las redes de vigilancia
de la resistencia a los antimicrobianos dependen de la disponibilidad
de pruebas precisas y de calidad controlada. Los retos identificados
en la creacion de una red de vigilancia integrada para la India pueden
superarse mediante el desarrollo de un plan integral para mejorar la
capacidad de los laboratorios en los sectores humano, veterinario y
medioambiental que cuente con los fondos necesarios. Las conclusiones
del estudio pueden servir de orientacion a otros paises de ingresos bajos
y medios que se propongan crear una red similar.
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